Abstract. Trying to place Lorentz and gauge transformations on the same foundation, it turns out that the first one generates invariance, the second one equivariance, at least for the abelian case. This similarity is not a hypothesis but is supported by and a consequence of the path integral formalism in quantum field theory.
Vector field: the background
In the framework of local gauge invariance, the fields are used to compensate the gauge dependence of the particle field. In QED, for instance, the local phase transformation ψ → e iqλ ψ of the particle field (for instance, a Dirac spinor) is accompagnied by the gauge transformation A → A + ∂λ of the electromagnetic vector potential A (for short, we will call this potential the electromagnetic field in what follows). From this point of view, the vector field A is a background field, and it is legitimate to ask whether
• there is a relation between these two a priori transformations via a mechanism called "dynamical interaction principle", and whether • we have a functional dependence of ψ on A similar to the dependence of ψ on x.
In the following we will show how the Poincaré group guides us to find such a "dynamical interaction". The Poincaré group is a semidirect product of the translation group T 1,3 and the proper orthochronous Lorentz group (for short: Lorentz group) L. In this way it combines Lorentz transformations Λ and space-time translations a on the linear space E 1,3 with metric η µν = diag (+1; −1, −1, −1) by the prescription (a, Λ) :
As we have the Lorentz and Poincaré group defined on space-time, we have to ask how these groups act on spinors. The answer is given by the commutative diagram
A commutative diagram of this type is a scheme to express covariance. For the spinor ψ, the commutativity of the diagram means that 
While T (Λ) transforms spinor and argument, the map τ (Λ) in the commutative diagram is given by
Together with the transformations exp(ia µ P µ ) under the translation group one obtains
This prescription is known as the Lorentz-Poincaré connection. The Poincaré algebra is constituted by M µν and P µ .
Spinor field: three possibilities
Using the abbreviation A λ = A + ∂λ, for the most general transformation ψ(A) → ψ λ (A λ ) there are three different types of "gauge variance", namely
The first one (gauge covariance) imposes no constraints. Therefore, we consider the other ones.
Invariance: the traditional view
The second possibility (gauge invariance) effectively means that there is no dependence of the particle field on the gauge field at all. This is the traditional approach of quantum field theory where the dependence on A is not written explicitly. This approach allows for two independent fields ψ and A which can be quantized easily. While the dependence on A can formally be skipped, we have two a priori transformations
which are actually related (via λ). Our proposal, therefore, is to sacrifice the independence of ψ and A in order to establish a relation between the transformations.
Equivariance: the dynamical view
Equivariance is known also as form invariance and is given by the commutative diagram 
Using the previous commutative diagram, we obtain
on ψ space, i.e as weak relation.
3. Linear operators: the reference "It is . . . logical to assume that the fundamental equations of the elementary particles must be first-order equations of the form Dψ = 0 and that all properties of the particles must be derivable from these without the use of any further subsidiary conditions." Bhabhas [1] statement is in contrast to statements about higher spin theories. However, in earlier works we have shown that these subsidiary conditions are indeed only consequences of the fundamental equations of motion [2, 3] . Instead, we build the "dynamical interaction" solely on the grounds of the Poincaré group [4, 5] .
The Poincaré algebra
Relativistic field theories are based on the invariance under the Poincaré group P 1,3 . Therefore, linear operators serve as projectors onto P 1,3 . The Poincaré group P 1,3 is based on the Poincaré algebra p 1,3 . Accordingly, linear operators are generators of p 1,3 . If we generalize the Poincaré algebra to a "dynamical" Poincaré algebra p d 1,3 (A) depending on the field A, this "dynamical" algebra should obey the same relation as the linear operators,
The introduction of a field dependent algebra in this way guarantees
• algebraic consistency (no additional constraints),
• causality (no Velo-Zwanziger problem), and • the same magnetic moment g = 2 for arbitrary spin.
A nonsingular transformation
The simplest way to build a field-dependent algebra is to introduce the external field by a nonsingular transformation [6, 7] 
The condition of equivariance leads to
which is solved on p 1,3 by the nonsingular transformation can be determined and, therefore, the Dirac equation can be solved at least in the case of a plane wave electromagnetic field A = A(ξ), ξ = k · x with wave vector k (k 2 = 0), G µν = k µ A ν − A µ k ν , and P the momentum vector of the particle [8] . One obtains (k · P = 0 for massive particles)
which is an element of the little group of the propagator vector K. The solution of the Dirac
, where
Possible generalizations
Using the explicit solution in Eq. (4.1), one can see that V(A + ∂λ) = e iqλ V(a), so that G(λ) = e iqλ is a consequence of the gauge transformation. But there are obvious problems:
• By now, only the case of plane waves is treated.
• The dependence of V 0 on A is nonlinear.
In addition, we would like to generalize the approach to more general field theories, even to nonabelian gauge theories. At the end of this paper we show first steps for possible generalizations by using either the Green's function formalism or the path integral formalism.
Green's function formalism
In the Green's function formalism the Dirac equation
can be solved by
where S F (x−x ) is the Feynman propagator of the fermion field. Iterating this integral equation we formally obtain a time ordered exponential function,
where the first factor is something like V(A). It turns out that 
Path integral formalism
In the path integral formalism the particle propagation is described by
The transition amplitude between the space-time points x a and x b reads
where the action is given by
Under a gauge transformation one obtains
and, finally, in the commutativity of the diagram ψ(x a , A) −→ ψ(x b , A) ↓ λ λ ↓ e iqλ(xa) ψ(x a , A) −→ e iqλ(x b ) ψ(x b , A) Therefore, we again end up with ψ(x, A + ∂λ) = e iqλ(x) ψ(x, A)
Conclusions
To conclude, we have shown the similarity between gauge and Lorentz transformations, and we have used this similarity to construct a "dynamical" interaction. In this context the gauge field appears as another kind of "coordinate". The approach presented here for electromagnetic plane waves is in principle generalizable to arbitrary electromagnetic fields and non-abelian gauge fields. At the end we give the word to Hermann Weyl [9] who recapitulates our efforts in the most beautiful way: The action integral of general relativity is invariant not only under spacetime Lorentz transformations but also under the gauge transformation, if this is incorporated consistently.
